Strengths and limitations of this study
► To the best of our knowledge, this is the first consistent analysis of the effect of different types of tobacco control policies on the calling rates to a national tobacco quitline. ► The dynamic of the intervention effects over time has been modelled using advanced statistical methods yet using a small number of parameters. ► Multiple interventions are analysed using separate statistical models on definition of a pre/postintervention period. ► Possible sensitivity of the intervention effect to extreme values occurring right after intervention.
AbStrACt
Objectives To coherently examine the responsiveness of the Swedish National Tobacco Quitline (SNTQ) to different types of anti-smoking policies over an extended period of calendar time.
Design Quasi-experimental design with an intervention time-series analysis based on 19 years series of data collected between January 1999 and August 2017 (224 months). Statistical inference on calling rates and rate ratios was obtained using intervention time-series models (Poisson regression and transfer functions Conclusions Within an overall decreasing trend of daily smoking in Sweden, we found that the recent introduction of pictorial warnings together with text warnings and referral text had a discernible positive impact on the calling rates to the smoking quitline. We were also able to detect a likely impact of earlier nationwide interventions.
IntrODuCtIOn
Telephone smoking quitlines have the potential to reach a large proportion of the smoking population and therefore may play an important role in increasing the chances of smoking cessation. 1 In addition, quitlines have been shown to be an effective 2 and cost-effective modality for providing tobacco cessation interventions. 3 To the best of our knowledge, however, no previous study has coherently examined the responsiveness of this service to different types of anti-smoking policies over an extended period of time. The Swedish National Tobacco Quitline (SNTQ) is a nationwide service which started in 1998, with the intent to offer freeof-charge qualified in-person counselling to adult tobacco users, mainly smokers, wanting to quit. The service is operatively run by the Stockholm County Council, and is available during all week days for a total of 47 hours a week. The quit rates among a subsample of callers to the SNTQ have been estimated to be as high as 31% after 12 months from first approach. 3 Since the very beginning the SNTQ has maintained a computerised system of registration of all incoming and outgoing calls, as well as selected information on individual callers who receive a counselling session.
The primary aim of this study is to investigate the possible effects of public health interventions on the volume of phone calls received by the SNTQ during the last 19 years, in particular the recent application of Open access the 2014/40/ European Union (EU) Tobacco Products Directive, demanding member states of the European Union to insert larger pictorial warnings related to the health consequences of smoking on cigarette packs. On request of the Swedish Public Health Authority in Sweden, the application of the Directive also imposed a printed referral to the quitline, the toll-free number, which progressively appeared on all cigarette packages from May 2016. The secondary aim is to consistently evaluate tobacco control policies over the last two decades in which the Swedish government introduced campaigns on passive smoking in January 2001; larger text warnings on cigarette packs in September 2002; banning of smoking in restaurants in June 2005; and a 10% tax increase in January 2012.
MethODS

Outcome data
The number of calls to the smoking quitline was available from January 1999 to August 2017. A total of 179 851 phone calls with requests of support to smoking cessation were received during 19 years, and aggregated into 224 months. To take into account the variation over calendar time of the number of smokers in the general adult population, we collected information on the total size of the Swedish population and smoking prevalence stratified by age groups and sex. The size of the population was available from Statistics Sweden on a yearly basis (http://www. scb. se). The smoking prevalence was updated every 2 years from the Swedish Living Conditions Surveys before 2004 and every year from the Public Health National Survey on tobacco use (http://www. folkhalsomyndigheten. se/) after 2004. The outcome of interest was defined as the calling rate expressed per 100 000 smokers (ie, total number of phone calls divided by the total estimated number of smokers and then multiplied by 100,000).
tobacco control interventions Application of the 2014/40/EU Tobacco Products Directive
The latest implemented policy in Sweden, directly targeting smokers, concerns the application of the 2014/40/EU Tobacco Products Directive locally regulated by the Swedish government proposition 2015/16:82. According to these regulations starting from May 2016 the cigarette packages sold in Sweden had to display pictorial warnings together with text warnings. The coverage of all packages was completed in May 2017. In addition, the Swedish Public Health Agency negotiated that the packages should also display the phone number of the SNTQ together with a brief referral sentence.
We also identified other four main interventions aiming at reducing tobacco smoking in the population during the 19-year observation period: (1) a campaign on passive smoking in January 2001; (2) introduction of larger text warnings on cigarette packages since September 2002;
(3) banning smoking in restaurants since June 2005; and (4) tobacco tax increase by 10% since January 2012.
The calling rate during the month of January 2012 (297 per 100 000 smokers) was fourfold higher than the average rate before the intervention (79 per 100 000 smokers). The calling rate, however, dropped back to the pre-intervention level already in February 2012. This strong pulse on January 2012 at the start of the tobacco tax intervention was therefore excluded from the analysis to avoid overestimation of this specific intervention effect throughout the post-intervention period.
The unexpected surge in the number of calls in January 2012 may be an artefact due to registration in that month of calls incoming in the previous month of December 2011. Apart from a general tendency of higher number of calls in January across the years, we did not have the possibility to support this hypothesis with objective data. Therefore, this explanation remains speculative.
Patient and public involvement statement
No patient involved.
Statistical analysis
We used a Poisson regression model to estimate the linear trend of calling rates before and after the application of the 2014/40/EU Tobacco Products Directive. 4 The model allowed a change in level (degree-0 spline) and trend (degree-1 or linear spline) after intervention. We evaluated the hypothesis of a change in the long-term trend after this intervention using a Wald-type test for the regression coefficient of the linear spline with one knot at May 2016. A scaling adjustment in Poisson regression was made to take into account possible over-dispersion (ie, conditional variance is higher than the conditional mean). We also adjusted for seasonal variation by modelling time with Fourier terms (three pairs of sine and cosine functions). Further details of this approach to interrupted time-series analysis have been described elsewhere. 4 We next considered time-series models with transfer functions to disentangle the complex dynamic of the intervention effects from the noise of the series. 5 6 These models are established in the economic and environmental literature but not so popular among health researchers probably because of its complexity, lack of specific statistical training and user-friendly software packages. The idea is to model pre-intervention rates with an autoregressive model to predict post-intervention rates in the absence of intervention, commonly defined as counterfactual rate. The intervention effect is given by the ratio of the observed rates divided the counterfactual rates, and this done for every month of the post-intervention period. The intervention effect is therefore varying over the post-intervention period. Different dimensions (form, reactivity, maintenance) of the intervention effect can be described with a transfer function involving only two parameters ( ω 0 , δ ). We choose the symbols ω 0 and δ to be consistent with the notation commonly used for this class of dynamic models. The online supplementary appendix provides a more detailed description of the model, graphical intuition of the shape of the intervention effect and a simple formula to estimate the rate ratio at any postintervention month given these two parameters.
A period of 6 months was considered sufficient to capture the intervention effect and unlikely to be affected by potential time-varying confounders. The rate ratio at 6 months (RR 6 ) was presented to facilitate the comparison across different interventions.
To evaluate the current and the four historical interventions we defined five intervals with the criteria that one interval should contain only one intervention. Therefore, the length of the pre/post-intervention period varied depending on how close the interventions occurred over calendar time.
Analyses were performed using the tstf command in Stata (user-friendly wrapper of the tsa package in R). 6 7 Data and code are freely downloadable with the tstf package.
reSultS
Pictorial warnings and referral to quitline in May 2016
A visual inspection of the observed calling rates per 100 000 smokers (figure 1) suggests a decreasing trend in the 4 years preceding the intervention with a strong seasonal variation consisting in higher values around the end/begin (October-January) of the year and lower values in the summer time (July). During the 4 years preceding the intervention of large pictorial warnings/ text warnings and SNTQ phone number on May 2016 (figure 1), the calling rates to the SNTQ were declining at a rate of 5% per year (95% CI 0.93 to 0.97). The upward shift in calling rates at the intervention month on May 2016 was negligible (RR=1.07; 95% CI 0.94 to 1.23). The long-term downward trend, however, was reversed by the intervention (p-value for change in trend <0.001). After May 2016, the calling rates to the SNTQ increased by 28% per year (95% CI 1.09 to 1.51).
The data and smooth effect of the intervention comparing observed and counterfactual rate estimated with an intervention time-series model are shown in figure 2A ,B, respectively. Compared with the counterfactual ones, the calling rate increased by 35% after 6 months ( RR6 = 1.35 ; 95% CI 1.16 to 1.57).
historical interventions Campaign on passive smoking (January 2001)
The campaign on passive smoking launched in January 2001 was associated with a higher calling rate (online supplementary table 1). Comparing to the counterfactual rates 6 month after the intervention, the calling rate significantly increased by 61% (RR 6 =1.61; 95% CI 1.06 to 2.45). Figure 3A facilitates the comparison of the observed calling rates after the campaign on passive smoking relative to the counterfactual rates had this intervention not occurred. Figure 3B shows the sharp increase in the calling rate after January 2001. 
Open access
Larger text warnings on cigarette packages (September 2002)
The calling rate significantly increased after the introduction of the larger text warnings on the cigarette packs (online supplementary table 1, figure 4A ). The calling rate 6 months after intervention was 28% higher comparing to the counterfactual, RR 6 =1.28; 95% CI 1.15 
Open access
Banning smoking in restaurants (June 2005)
We found a significant increased calling rate following introduction of smoking-free restaurants in June 2005 (online supplementary table 1, figure 5A ). Compared with the pre-intervention months, the calling rate significantly increased by 15% after 6 months (RR 6 =1.15; 95% CI 1.01 to 1.30). Of note, banning smoking in restaurants had an oscillating effect on the calling rate for several months following the intervention ( figure 5A ), stabilising about 12 months later ( figure 5B ).
Tax increase (January 2012)
The fourth intervention consisted in a 10% tax increase on tobacco products in January 2012. The time between September 2009 and December 2014 was characterised by a relatively stable level of calling rates (online supplementary figure 1A ). Data suggested that the 10% tobacco tax increase was compatible with no substantial change in the calling rate to the SNTQ (online supplementary table 1). Compared with the counterfactual rate 6 months after the intervention, the calling rate increased by 3% (RR 6 =1.03, 95% CI 0.90 to 1.19; online supplementary figure 1B).
DISCuSSIOn
We found differential impacts of tobacco control governmental policies implemented in Sweden during almost two decades on the propensity of smokers to call the national telephone quitline for smoking cessation. Using this propensity as impact measure, we found that a campaign on passive smoking in January 2001, larger text warnings on cigarette packs in September 2002, banning smoking from restaurants in June 2005, and finally in May 2016 the introduction of larger pictorial warnings on cigarette packages together with text referring to the telephone line for help to quit were all associated with higher calling rates in the following 6 months. Tax increment in January 2012, however, had no demonstrable impact on the calling rate.
The major strength of this study is the long time series, with information on a large number of phone calls accumulated over a long period of time (almost two decades) and collected independently of the intervention implementation. This unique source of data allowed a consistent and homogeneous assessment of the impact of diverse interventions. An additional strength regards the analytic approach, employing advanced time-series models to disentangle the effect of the intervention from the auto-correlated background and seasonal variation. The functional form specified to capture the intervention effect was sufficiently general to describe a variety of possible shapes expressed in terms of just two parameters. To facilitate the interpretation of the specified complex statistical models some effort was placed on providing both graphical comparisons of observed and predicted calling rates and closed formulas to make inference on the rate ratio associated with the intervention at any time after intervention. Limitations inherent to the collection of data on calls and the spacing of the interventions need to be mentioned. First, we could not correct the outcome variable (rate of calls) for events internal to the quitline's organisation, for instance number of staff, opening hours, marketing initiative, changes in recording and documentation system. However, no major organisation changes were recorded in the months preceding each policy launch; therefore the impact of these events if any would not coincide with the time of intervention implementation. Usually, allocation of resources and adjustments in the organisation at the quitline occur as a consequence of a recorded increase in the volume of calls, not vice versa.
Open access
Another limitation pertains the intervention components. For instance, in Sweden the last implemented policy on cigarette packages in 2016 was accompanied by an explicit reference to the SNTQ, a component that was not present during the implementation of the other policies. This should warn against the attribution of the response to the pictorial warning alone.
To evaluate multiple historical interventions, we decided to split the 19 years of follow-up into multiple intervals. Through focusing on one single intervention each time, this approach allows for measuring the intervention effects more precisely, it also offers the practical advantage of facilitating the visualisation of observed and predicted rates within a narrower interval of calendar time. On the other hand, because of the splitting, the amount of data points before each intervention will be lower, which in our case may have prevented the detection of seasonal patterns of the time-series model. Given that knowledge about the pre-intervention series defines the comparison group (or counterfactual) for the post-intervention series, limited data may result in a poor model for the pre-intervention period and a poor assessment of the intervention's effect.
The overall population of smokers in Sweden decreased from 1.3 million in 1999 to 0.7 million in 2017, that is, the prevalence of smoking in the general population nearly halved during the observation period. This may explain the variation in the absolute number of phone calls over time. This change has, however, been smooth and gradual over almost two decades. Indeed, we tried to take into account the gradual decreasing size of the smoking population directly in the definition of the outcome (calling rate rather than absolute number of calls).
Smokers taking the step to call the quitline may not be representative of all smokers wanting to quit. At its best, this behaviour may represent a precursor of a quit attempt or of relapse prevention. However, help seeking may be conceptualised as a recognition of the existence of a problem, that is, a step forward in the readiness to quit. On the other hand, studies demonstrated that smoking prevalence as assessed by surveys is also highly responsive to tobacco control measures. 8 9 Also, inferring a causal link from temporal associations is problematic. However, several earlier observations support the plausibility of such a link. For instance, concerning the impact of the pictorial warnings it has been reported that pictorial warnings in combination Open access with referral texts to a telephone quitline are judged by smokers as more effective than warnings without the referral information. 10 An impact on quitline usage very similar to that observed in this study was reported in an analysis from the Netherlands after the introduction of text warnings in 2002. 11 In an ecologic study comparing adult knowledge scores on smoking-related morbidity in 22 low/middle-income countries there was a clear difference in these scores among adults who noticed warning labels on cigarette packages in most countries. 12 A recent study based on a pre-post survey among Italian smokers revealed an increase in knowledge on smoking-related diseases as well as in the perceived impact of pictorial warning after its implementation. 13 Our study provides an appealing and cost-effective approach based on the use of routinely collected data, to corroborate these findings. Also, our study expands the evidence of policy impact by including a range of different interventions.
However, at odds with previous studies we could not detect any impact of cigarette price increase on smokers' propensity to quit. Several studies presented a temporal relation between tax increase and quitting smoking. In an Australian study 14 there was an increase by 80% in selfreported quitting among smokers after a tax increase in 2010. In the USA the volume of calls at 16 state-operated quitlines increased by 59% during the 2 months preceding and following a tax increase on 1 April 2009 compared with the corresponding months 1 year earlier, 15 even if no substantial difference in actual quit rates could be detected. In the US state of Montana the volume of calls to the state quitline increased by above 100% in conjunction with a tax increase in 1 January 2005, compared with equivalent periods in the year preceding and the year following that date. 16 There may be several explanations for this discrepancy between our and other findings. First, different outcome measures may provide different sensitivity to policy interventions. In our study, the outcome measure is typically tailored to reflect precursors of quitting behaviour, which may not be comparable with actual quitting and even less with population smoking prevalence. Second, it is possible that price increase in Sweden affected more directly smokers whose readiness to quit was already high, thereafter less in need to call the quitline for support. Third, the entity of price increase under study may differ between countries. Finally, we cannot exclude an effect of price increase since we did observe an unexpectedly high number of phone calls in January 2012 (about fourfold higher than the average before the increase), but we adopted a conservative approach to this finding, since the number dropped back immediately during the next month.
We estimated the potential population impact of tobacco control interventions capitalising on the use of data routinely collected within national or local population-based services. This approach should be encouraged as a cost-effective way to estimate the impact of tobacco-control measures on smokers.
COnCluSIOnS
Within an overall decreasing trend of daily smoking in Sweden, we found that the recent introduction of pictorial warnings together with text warnings and referral text had a discernible positive impact on the calling rates to the smoking quitline. We were also able to detect a likely impact of earlier nationwide interventions.
